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Objective: We recently identified small saphenous vein (SSV) reflux as a significant risk factor for ulcer recurrence in
patients with severe chronic venous insufficiency (CVI) undergoing perforator vein ligation. In this study we examined
the role of SSV reflux in patients across the spectrum of CVI.
Methods: From March 15, 1997, to December 24, 2002, clinical and duplex ultrasound (US) scanning data from all valve
closure time studies performed in our vascular laboratory were prospectively recorded. Valve closure time in the deep and
superficial leg veins was assessed with the rapid cuff deflation technique; reflux time greater than 0.5 seconds was
considered abnormal. SSV reflux was correlated with the CEAP classification system and eventual surgical procedure.
Data were analyzed with Pearson 2 analysis.
Results. We analyzed 722 limbs in 422 patients, 265 (63%) female patients and 157 (37%) male patients, with a mean age
of 48  12.8 years (range, 16-85 years). In the entire cohort the cause was congenital (Ec) in 5 patients, primary (Ep) in
606 patients, and secondary (Es) in 112 patients. SSV reflux was present in 206 limbs (28.5%) evaluated. Among limbs
with SSV reflux, Ec 4 (2%), Ep 162 (79%), and Es 40 (19%). SSV reflux did not correlate with gender, side, or age.
The prevalence of SSV reflux increases with increasing severity of clinical class: C1-C3, 25.8% versus C4-C6, 36.1% (P 
.006). SSV reflux is highly associated with deep venous reflux, 35.2% of femoral vein reflux (P .015), 35.8% of femoral
vein plus popliteal vein reflux (P  .001), and 40.5% of isolated popliteal vein reflux (P < .001). Great saphenous vein
(GSV) reflux was identified in 483 (67%) limbs studied with valve closure time, whereas SSV reflux was present in 206
(28%) limbs. In this cohort, 127 GSV or SSV surgical procedures were performed subsequent to valve closure time
examination. Among these operations 107 (84%) were GSV procedures, and only 20 (16%) were SSV procedures.
Conclusion. SSV reflux is most common in patients demonstrating severe sequelae of CVI, such as lipodermatosclerosis or
ulceration. The increasing prevalence of SSV reflux in more severe clinical classes and the strong association of SSV reflux
and deep venous reflux suggest that SSV may have a significant role in CVI. Our data further show that, in our institution,
a GSV with reflux is more than twice as likely to be surgically corrected as an SSV with reflux. It is time for the SSV to
assume greater importance in the treatment of lower extremity venous disease. Future improvements in surgical
techniques for access and visualization of the SSV may facilitate this method. (J Vasc Surg 2004;39:1053-8.)The prevalence of chronic venous insufficiency (CVI)
in the general adult population was 9.4% in men and 6.6%
in women in the Edinburgh Vein Study.1,2 The spectrum of
CVI varies from varicose veins to more advanced manifes-
tations such as skin pigmentation, lipodermatosclerosis,
and ulceration. Recent studies have shown the importance
of superficial venous incompetence in the progression of
venous insufficiency and the eventual development of ve-
nous ulcers.3,4
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doi:10.1016/j.jvs.2004.01.021The prescription of surgical treatment of superficial
venous hypertension includes treatment of all anatomic
components with pathologic reflux. These include the
great saphenous vein (GSV), small saphenous vein (SSV;
formerly, lesser saphenous vein), and perforating veins. An
accurate evaluation of the anatomy and functional status of
the GSV, SSV, and perforating veins is paramount in plan-
ning initial surgical treatment of CVI. Clinical examination
and duplex US scanning have been used to assess compe-
tence of the superficial venous valves. Currently, duplex US
scanning–derived valve closure time has largely replaced
phlebography and plethysmography for routine, preopera-
tive evaluation of CVI.5,6
General agreement exists with regard to the need for
treatment of GSV reflux in patients with CVI. However,
there remains considerable controversy regarding the ne-
cessity of treating SSV, perforator, or deep venous insuffi-
ciency. With the exception of lateral malleolar ulceration
and varicose tributaries to the SSV, SSV reflux has generally
been considered a minor contributor to CVI. Enthusiasm1053
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cumbersome repositioning of the patient, variability in
location of the saphenopopliteal junction, and the possibil-
ity of sural nerve injury. Recent data, however, suggest that
isolated SSV incompetence can cause the entire range of
signs and symptoms of CVI.7 Furthermore, we have re-
cently shown that the presence of SSV reflux is a risk factor
for ulcer recurrence in patients with severe CVI undergoing
perforator vein ligation.8 In this study we examined the
effect of SSV reflux in patients across the spectrum of CVI,
CEAP class C1 to C6.
METHODS
Patient cohort. Clinical and duplex US scanning data
from all valve closure time studies performed in our hospi-
tal-based, Intersocietal Commission for Accreditation of
Vascular Laboratories–accredited, vascular laboratory were
prospectively entered into a database. With a computer
database a retrospective review of 722 limbs in 422 patients
who underwent valve closure time studies at Tufts–New
England Medical Center between March 15, 1997, and
December 24, 2002, was conducted. Most patients in this
series were referred for testing by vascular surgeons, and all
had clinical evidence of venous disease. Over these 69
months data were collected according to the reporting
standards in venous disease9 and retrospectively analyzed.
Imaging techniques. Duplex US scanning–derived
valve closure time assessment of the common femoral vein,
femoral vein, deep femoral vein, popliteal vein, saphe-
nofemoral junction, proximal thigh GSV, distal thigh GSV,
and SSV were obtained with the rapid cuff deflation tech-
nique.10 Patients were examined in the standing position
with a duplex US scanner (ATL HDI 3000 or Ultramark 9;
Advanced Technologies Laboratory, Bothell, Wash) while
their weight was supported on the contralateral leg. For
evaluation of the common femoral vein, femoral vein, deep
femoral vein, saphenofemoral junction, and proximal GSV,
an automated 24-cm thigh cuff was inflated to 80 mm Hg
for approximately 3.0 seconds, then rapidly deflated within
0.3 seconds. For evaluation of the popliteal vein, and distal
thigh GSV and SSV, a 12-cm cuff was applied to the calf,
inflated to 100 mm Hg, then rapidly deflated. The distance
between the cuff and the transducer was always within 5
cm. Spectral analysis was recorded and used to quantify the
valve closure time. Reflux of a single segment was consid-
ered present if the valve closure time was greater than 0.5
seconds.10
During selected examinations perforator vein mapping
was performed with the patient in the upright position.
Perforating veins were considered incompetent when there
was continuous outward flow or if reflux time was greater
than 0.5 seconds.11 Because perforating vein imaging was
not universally conducted in this series, these data are not
analyzed in this report. During duplex US scanning deep or
superficial venous obstruction was noted; however, formal
analysis of compressibility and augmentation of the vein
was not routinely undertaken.Clinical classification. The presence or absence of
SSV reflux was correlated with the CEAP classification
system.9 According to clinical severity, patients were as-
signed to one of the six clinical classes: C1, telangiectasia
and spider veins; C2, varicose veins; C3, edema from ve-
nous disease; C4, skin changes and lipodermatosclerosis;
C5, healed ulcers; and C6, active venous ulcers. The etio-
logic classification was congenital (Ec), primary (Ep), or
secondary (Es) due to thrombus or trauma. The classifica-
tion of etiology was obtained from patient history, chart
documentation, or duplex US scan documentation of deep
venous thrombosis. The anatomic classification consisted
of superficial (As), deep (Ad), and perforator (Ap). For the
purpose of this report the superficial venous system was
comprised of saphenofemoral junction, proximal thigh
GSV, distal thigh GSV, and SSV, and the deep venous
system was comprised of common femoral vein, femoral
vein, deep femoral vein, and popliteal vein.
Surgical procedures. Surgical intervention was se-
lected to correct superficial and perforating vein reflux with
GSV ligation and stripping, SSV ligation or stripping,
branch avulsion of superficial varicosities, and subfascial
endoscopic perforator surgery.12
Statistical analysis. Data were analyzed with SPSS for
Windows, version 11.5 (SSPS, Chicago, Ill). SSV reflux and
valve closure time data were assessed with descriptive sta-
tistics. Pearson 2 analysis was used to evaluate differences
between patient groups. Statistical significance was as-
signed at P  .05.
RESULTS
We analyzed 722 limbs in 422 patients (265 female,
63%; 157 male, 37%) with a mean age of 48  12.8 years
(range, 16-85 years). The baseline characteristics of the
study cohort are summarized in Table I. In comparing the
two groups with presence of SSV reflux (n  206) or
absence of SSV reflux (n  516), SSV reflux did not
correlate with gender, side, age, or previous ipsilateral
venous surgery.
Correlation of clinical classification with SSV reflux is
shown in Table II. The prevalence of SSV reflux increased
with increasing severity of clinical class C1-C6 (P  .014).
When limbs were grouped as mildly diseased (C1-C3) or
severely affected by CVI (C4-C6), SSV reflux was more
common in the severe group: 34% versus 24% (P  .006).
Although SSV reflux was present in some patients with mild
CVI (isolated SSV, tributary varices), the prevalence was
significantly increased in limbs with more severe clinical
disease (Table II).
Primary etiology of venous disease predominated
throughout the series (Ep  84%). Secondary etiology,
though identified in a minority of all subgroups, was rela-
tively more common in the SSV reflux group than in the no
SSV reflux group (19.4% vs 13.8%; P  .012). Among the
entire cohort of 722 limbs studied with valve closure time,
GSV reflux was identified in 483 (67%) limbs, and GSV
surgery was subsequently performed in 107 (22.1%) of
these limbs with GSV reflux. On the other hand, whereas
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tive surgery was performed in only 20 (9.7%) limbs with
documented SSV reflux. Therefore limbs with GSV reflux
were more than twice as likely to undergo corrective sur-
gery than limbs with SSV reflux. There was no demonstra-
ble relationship between clinical severity, SSV reflux time,
presence of deep venous insufficiency, history of GSV sur-
gery, or presence of GSV reflux with the decision to pursue
Table II. Correlation of clinical classification with SSV refl
SSV reflux
n
CEAP classification
C1 2
C2 89
C3 45
C4 16
C5 9
C6 45
Severity
Mild (C1-C3) 136
Severe (C4-C6) 70
Etiology
Congenital 4
Primary 162
Secondary 40
Pathophysiology
Mean SSV reflux time (s) 6.86
Median reflux time (s) 6
SD 5.03
Range reflux 0.75-26
Associated venous disease
GSV reflux
Yes 126
No 80
Deep reflux
Yes 92
No 114
SSV, Small saphenous vein.
Table I. Baseline characteristics of study cohort
SSV reflux
n %
Number of limbs 206
Female 126 61.2
Male 80 38.8
Right 99 48.1
Left 107 51.2
Age (y)
Mean 48.39
Median 49
Range 19-85
SD 12.8
Previous ipsilateral venous surgery
Yes 47 22.9
No 153 74.3
Unknown 6 2.8
SSV, Small saphenous vein.SSV ligation or nonoperative therapies in patients with SSV
reflux.
Relationships between deep and superficial venous re-
flux are presented in Table III. Among patients without
SSV reflux (n  516), an overwhelming majority had
isolated GSV reflux (357 limbs, 69.2%). On the contrary, in
patients with SSV reflux (n 206), close to half (126 limbs,
44.7%) were associated with deep venous reflux, which is
no SSV reflux
Pn %
.014
27 5.2
240 46.5
125 24.2
26 5
24 4.7
74 14.3
.006
392 76
124 24
.012
1 0.2
444 86
71 13.8
.001
0.03
0
0.11
0-0.05
357 69.2 .039
159 30.8
168 32.6 .002
348 67.4
No SSV reflux
Pn %
516
342 66.3 .194
174 33.7
233 45.2 .213
283 54.8
48.72 .43
49
16-85
12.8
97 18.6 .114
410 79.5
10 1.9ux
%
1.0
43.2
21.8
7.8
4.4
21.8
66
34
1.9
78.6
19.4
61.2
38.8
44.7
55.3
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SSV and abnormal deep systems (P  .04). In our vascular
laboratory, limbs with SSV reflux were less likely to have
GSV reflux than were limbs without SSV reflux.
To further illustrate the association between SSV and
segmental deep venous reflux, there was a stronger associ-
ation of SSV reflux with popliteal vein reflux than with
femoral vein reflux (Table IV). Among limbs with a normal
deep venous system, only 24.3% had SSV reflux. The per-
centage of limbs with SSV reflux increased to 35.2% in the
group of limbs with femoral vein reflux (P  .015), and to
35.8% in those with femoral vein plus popliteal vein reflux
(P  .001). The strongest correlation occurred between
SSV and popliteal vein reflux; 40.5% of patients with iso-
lated popliteal vein reflux had SSV reflux (P  .001).
DISCUSSION
The reader has certainly noted our use of the term small
saphenous vein (SSV) rather than the more common terms
of lesser saphenous vein or short saphenous vein. This
reflects the recent adoption of a nomenclature change
involving venous anatomy, which has been published in an
international interdisciplinary consensus statement.13
These changes were sought in an attempt to simplify the
current system, which includes many eponyms and regional
variations. For example, in the old system the abbreviation
LSV could represent either the long saphenous vein or the
lesser saphenous vein, and the superficial femoral vein was
actually a deep vein. It is hoped that this simplified, albeit
comprehensive, system will facilitate dialogue regarding
venous disease, and minimize errors.
The SSV and its tributaries have a variable anatomy. In
1959 Dodd14 demonstrated the anatomic variations of the
SSV to the saphenopopliteal junction, and associated SSV
reflux with the signs and symptoms of CVI. Several recent
publications have suggested an association between SSV
reflux and CVI.7,15-17 It has been our observation that SSV
reflux is discounted in surgical decision-making, possibly
because of a number of technical challenges in surgically
Table III. Association of GSV and deep venous reflux
with SSV reflux
Presence of GSV
reflux
Yes No
Total Pn % n %
SSV reflux 126 26.1 80 33.5 206 .039
No SSV reflux 357 73.9 159 66.5 516
Total 483 239 722
Presence of deep
reflux
Yes No
Total Pn % n %
SSV reflux 92 35.4 114 24.7 206 .002
No SSV reflux 168 64.6 348 75.3 516
Total 260 462 722
GSV, Great saphenous vein; SSV, small saphenous vein.approaching the SSV. In addition, even when surgically
addressed there is a surprisingly high rate of inadequate
surgical treatment of SSV incompetence.18 One study re-
ported a 15.1% incidence of persistent SSV reflux in the
early postoperative period, which was attributed by the
authors to inadequate surgery. Our own recent report
identified SSV reflux as a significant risk factor for ulcer
recurrence after subfascial endoscopic perforator surgery,
and provided the impetus for this study of SSV reflux.8
In this study we examined the role of SSV reflux in
patients across the spectrum of CVI. Among patients with
SSV reflux, most (65%) had varicose veins (class C2) or
edema (class C3). Although there were no differences in
gender, side, age, or previous ipsilateral venous surgery
correlated with SSV reflux, more patients in the SSV reflux
group (34%) had severe clinical manifestations (class C4-
C6) than did those without SSV reflux (24%). While most
patients without SSV reflux had mild disease (76%), we do
not know whether SSV reflux is a contributor to the in-
creasing severity of CVI or whether the SSV is over-
whelmed by the global reflux present in limbs more severely
affected with CVI.
The widespread availability of duplex US scanning has
greatly facilitated the diagnosis and treatment of SSV dis-
ease. In many centers, including our own, duplex US
scanning is considered the standard for defining the anat-
omy and physiology of the lower extremity venous system.
However, physical examination and continuous wave
Doppler scanning remain valuable, although limited, tools
for the initial evaluation of suspected venous disease. In a
study of 160 limbs examined with physical examination,
hand-held continuous-wave Doppler scanning, and duplex
US scanning, Aiono et al19 found that physical examination
reliably enables detection of dilated SSVs, yielding excellent
sensitivity for detecting SSV reflux (98%). However, this
finding was rather nonspecific, with a positive predictive
value of only 57%. They found that continuous-wave
Doppler scanning yielded a sensitivity of 80% and positive
predictive value of 87%, and therefore may be used to
supplement the office examination. Of 171 limbs in 128
patients with SSV reflux studied by Daher et al,20 continu-
ous-wave Doppler scanning had sensitivity of 92% and
specificity of 53% (positive predictive value, 62%; negative
predictive value, 89%; accuracy, 70%) when compared with
duplex US scanning.
Several studies have demonstrated the location of the
saphenopopliteal junction to be highly variable.21,22 In
addition to accurately identifying the presence of SSV
reflux, duplex US scanning provides accurate preoperative
marking of the saphenopopliteal junction. Given the highly
arborized nature of the SSV, effective surgical therapy
requires ligation near the popliteal junction, which is
greatly facilitated by marking at duplex US scanning. The
benefits of improved accuracy in defining the presence of
SSV reflux, localization of the saphenopopliteal junction,
and a comprehensive survey of the other deep and superfi-
cial veins of the leg make duplex US scanning with valve
closure time assessment a key tool in the decision making
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ease.
In this retrospective review we were unable to identify
any factors that correlated with the decision to perform SSV
ligation in the presence of SSV reflux. There was no demon-
strable relationship between clinical severity, SSV reflux
time, presence of deep venous insufficiency, history of GSV
surgery, or presence of GSV reflux when deciding to per-
form SSV ligation in patients with SSV reflux. Surgical
planning regarding the SSV seems to have been guided by
clinical factors that were not elucidated in this series.
Evidence of the importance of SSV as a contributor to
or primary cause of CVI continues to accumulate. Al-
though SSV incompetence has been associated with the
entire spectrum of CVI, from aching and swelling to lipo-
dermatosclerosis and ulceration, much focus has been on
the deep venous system and GSV as the cause of CVI. Bass
et al15 demonstrated the importance of reflux at the saphe-
nopopliteal junction in the genesis of lateral leg ulcers.
Labropoulos et al7 showed that failure to treat SSV reflux
can lead to residual lower extremity varicosities and recur-
rent symptoms of CVI. Correction of SSV reflux can im-
prove clinical symptoms and venous hemodynamic param-
eters in primary varicose veins, and femoropopliteal reflux
has a role in the development of venous eczema and ulcers
when combined with superficial venous reflux.23,24
The association of SSV reflux and deep venous insuffi-
ciency is clearly demonstrated in this report. Among limbs
with a normal deep venous system, only 24.3% had SSV
reflux. The percentage of limbs with SSV reflux increased to
35.2% in the group of limbs with femoral vein reflux (P 
.01) and to 35.8% in limbs with femoral vein plus popliteal
vein reflux (P  .01). The strongest correlation occurred
between SSV and popliteal vein reflux; 40.5% had SSV
reflux in patients with isolated popliteal vein reflux (P 
.01).
We can hypothesize a causal relationship in both direc-
tions between SSV reflux and deep venous reflux. It is
possible that popliteal reflux enables transmission of deep
venous hypertension to the SSV, overwhelming the saphe-
nopopliteal junction, resulting in SSV valvular incompe-
tence and subsequent superficial venous disease. This the-
ory provides a mechanism for deep venous hypertension to
be transmitted through a refluxing SSV, resulting in clinical
Table IV. Correlation of femoral vein and popliteal vein re
SSV reflux
n %
Femoral vein reflux
Present 69 35.2
Absent 137 26.0
Total 206
Popliteal vein reflux
Present 81 40.5
Absent 125 23.9
Total 206manifestations of CVI such as lipodermatosclerosis and
ulceration. Alternatively, reflux through an incompetent
SSV could be transmitted through incompetent perforating
veins into the deep venous system of the calf. This increased
blood volume could result in an overload phenomenon by
dilating the veins and leading to deep venous incompetence
below the level of the saphenopopliteal junction. Finally,
valve closure time represents the time required for reverse
flow in a vein segment to cease after release of a pneumatic
cuff below the level of the transducer. It is assumed that this
valve closure time reflects primarily the functional compe-
tence of the vein valve in the segment being interrogated.
However, reflux in the tributaries caudal to the transducer
might result in decreased pressure below the valve, causing
prolonged reversal of flow in an otherwise normal deep
venous system. These latter two theories may explain the
observation that deep venous insufficiency often improves
after correction of superficial venous insufficiency.25
Knowledge of the clinical severity, location of venous
reflux, and surgical indications for intervention is manda-
tory in the clinical management of CVI. With the exception
of lateral malleolar ulceration and varicose tributaries to the
SSV, SSV reflux has generally been considered a minor
contributor to CVI, and thus is commonly left untreated.
Enthusiasm for surgically treating SSV reflux is further
diminished by cumbersome repositioning of the patient,
variability in the location of the saphenopopliteal junction,
and the possibility of sural nerve injury. It is hoped that
increased attention to identifying SSV reflux and future
improvements in surgical techniques will lead to improved
treatment of SSV reflux in patients with CVI.
CONCLUSION
Prolonged reflux time (valve closure time) of the SSV is
associated with deep venous reflux, especially in the popli-
teal segment, as well as increasingly severe clinical manifes-
tations of chronic venous disease. Clinical bias has resulted
in surgical correction of SSV reflux to be undertaken much
less frequently than GSV reflux in this retrospective series.
We believe that these and other data support a much more
thorough surgical approach to the treatment of SSV reflux.
It seems appropriate that the term lesser saphenous vein, or
LSV, be relegated to the medical history books, because the
with SSV reflux
No SSV reflux
Pn %
127 64.8 .015
389 74.9
516
119 59.5 .001
397 76.1
516flux
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